Introduction {#Sec1}
============

To date, many psychosocial risk studies have used one risk criterion (present/absent) to select a sample "at risk" for increased mental health difficulties. These have included individuals with a previous history of depression \[[@CR1]\], parental or grandparental psychiatric illness \[[@CR2]--[@CR4]\], parental substance abuse \[[@CR5]\], poverty \[[@CR6], [@CR7]\], parental divorce \[[@CR8]\], or negative cognitive style \[[@CR9]\]. This dichotomous approach is relatively simplistic and multiple risk criteria are likely to reveal a greater range and denote the complexities of risk influence on the development of psychopathology in young people \[[@CR10]--[@CR13]\].

Recent research has utilised multiple risk screening methodology to maximise the rate of depressive episodes observed in prospective cohort studies. This procedure combines a set of risk measures, each known to increase the liability of subsequent disorder. The method has captured a larger proportion of depressed cases by a factor of three over that of a standard sampling approach in a short-term (12 months) follow-up \[[@CR14], [@CR15]\]. High risk in these studies was considered as either having a first degree relative with a history of psychiatric illness or two of the remaining risk criteria. Thus, positivity on a single risk criterion, excepting familial psychiatric illness, was not sufficient to classify as high risk, in contrast to previous studies \[[@CR1], [@CR5], [@CR6]\]. Screening individuals in this manner may create samples with risk configurations that are not comparable to the wider population.

We tested the validity of generalising results from a high risk sample by comparing levels of depressive symptoms between two adolescent studies with similar risk profiles: one screened on multiple risk criteria, the other an epidemiological sample. We hypothesised that high risk individuals of either sex would have a similar level of depressive symptoms across the two sampling methods. We also tested a second hypothesis that the trajectory of depressive symptoms in high risk adolescents would be elevated over time and show less variation than expected in an epidemiological sample, indicating a more vulnerable group in the population at large. We further conjectured that females would show an elevated level of depressive symptoms compared to males.

Method {#Sec2}
======

Participants {#Sec3}
------------

The Cambridge Hormones and Moods Project (CHAMP) \[[@CR16], [@CR17]\] screened a large sample of adolescents on particular depressogenic risks \[[@CR14], [@CR15]\]. These were presence/history of a psychiatric illness in a first degree family member, two bereavements (deaths or permanent separations) in the individual's lifetime, a negative emotional temperament, marital disharmony (\>6 months) or parental separation, two recent undesirable life events or chronic difficulties with family/friends (i.e., grandparent with dementia living within family long term). An individual was considered to be at higher risk if they had: (1) familial psychiatric illness, or (2) two or more of the remaining risk criteria.

A total of 3,677 children aged 12 to 16 from 11 Cambridgeshire secondary schools were screened. Of these, 1,970 were invited to participate and 905 individuals (age range: 12;2--16;11) consented to the full study, with 710 at "high risk" of developing depression. The remaining 195 comparison participants were considered not high risk but were not necessarily without any risk criteria. The CHAMP participants were followed up at 4, 8 and 12 months. The second and third measurements were postal questionnaires, whereas the first and fourth assessments were face-to-face interviews with questionnaires. There were 1,662 female and 2,015 male participants in the screening sample and 405 females and 500 males within the full study. Participants were only excluded if they had a current or a recent (within 3 months) mental illness.

The ROOTS study is a longitudinal investigation of an unselected, epidemiological sample of 14-year-olds (age range: 13;11--15;3), recruited from 18 East of England secondary schools by the same research team \[[@CR18]\]. A total of 3,762 14-year-olds were invited into the study, 1,208 individuals consenting. There were 661 female and 547 male participants. Participants were followed up at 18 months with questionnaires and 36 months with face-to-face interviews and questionnaires.

During ROOTS baseline interviews, a similar evaluation of the risk criteria described above was performed. For life events and negative emotionality, the same measures were available in both samples. The remaining risk factors were derived from questionnaire data and information from a parental interview, the Cambridge Early Experience Interview (CAMEEI) \[[@CR10]\].

Ethical approval was granted for the ROOTS study in accordance with the Declaration of Helsinki and Good Clinical Practice guidelines by Cambridgeshire 2 REC. At study entry, all participants and their parents gave written informed consent. Ethical approval for the CHAMP study was granted by the Cambridgeshire local ethics committee. For the screening procedure there was an "opt out" process with consent to be approached given by the return of the questionnaires. Written informed consent was subsequently obtained for all participants and their parents at first face-to-face meeting in the year-long study.

Measures {#Sec4}
--------

The self-report Moods and Feelings Questionnaire (MFQ) \[[@CR19], [@CR20]\] is a 33 item instrument that measures current (last 2 weeks) depressive symptoms in 8 to 18-year-olds \[[@CR19], [@CR21]\]. We used a four category response version ("never", "sometimes", "mostly", and "always"). Due to the rarity of "always" responses, the "mostly" and "always" categories were combined. This measure was completed: (1) four times by the CHAMP participants at entry, 4, 8 and 12 months; (2) three times by the ROOTS participants at entry, 18 and 36 months.

The EAS Temperament Questionnaire \[[@CR22]\] was filled in by a parent/guardian (usually mother). This questionnaire assesses emotionality, activity, shyness and sociability over the lifetime of the child. From prior research \[[@CR23]\], an individual was considered to have a "negative emotional temperament" if they scored above 17 on the emotionality scale sum score.

A parental questionnaire was used in both studies to record the presence of significant negative life events in the previous 12 months of the participants' life (i.e., changing school, moving home, or being hospitalised). Within the CHAMP study, parental questionnaires recorded any deaths or permanent separations over the course of the participants' lifetime as well as the perceived level of distress to the loss. Parental questionnaires also recorded family medical history, marital difficulties and chronic difficulties (defined as long term medical, financial or social difficulties) \[[@CR14], [@CR16]\].

The CAMEEI is an in-depth semi-structured parental interview that investigated the early life of ROOTS participants \[[@CR10]\]. Questions relating to parental breakup, deaths/permanent separations and other chronic problems were taken from this interview and used as risk criteria. Familial psychiatric problems were measured from a parental questionnaire relating to current/past medical, emotional, or behavioural problems.

Data analytic strategy {#Sec5}
======================

We first investigated whether the prevalence of risk criteria used to stratify the samples was comparable across CHAMP and ROOTS before investigating whether the level of depressive symptoms in similar risk groups differed across the two studies. We used the entire CHAMP screening sample (*n* = 3,677) in the prevalence comparisons, which was restricted to only those who participated in the study when investigating the MFQ (*n* = 894).

When jointly analysing both studies, we equated individuals on age by investigating only those aged 14 years. For the ROOTS study, we used the baseline measurement. For the CHAMP study, we only included data reported by a 14-year-old participant. For individuals with more than one assessment during the relevant age-window, we used only the first measurement after they turned 14. This led to a final sample size for CHAMP of *n* = 1,300 for the prevalence comparisons and *n* = 500 for analysis with MFQ. We were unable to investigate only lower risk individuals as there were too few individuals within CHAMP.

Prevalence comparisons {#Sec6}
----------------------

To investigate prevalence differences in the risk criteria between the samples, logistic regressions were conducted with risk criterion present (1) versus absent (0) with a study dummy variable as the independent variable. When analysing the MFQ scores and risk criteria, regressions were conducted including gender as a covariate in addition to study main effects and interaction terms (risk criterion by study). The interaction terms determine whether the relationships between the MFQ scores and the risk criteria (present/absent) were similar in each study.

Trajectory analyses {#Sec7}
-------------------

We analysed cross-sectional age cohorts in CHAMP alongside the longitudinal data from the ROOTS study. Using age at entry, CHAMP participants were divided into four cohorts (12, 13, 14 and 15 years) and the MFQ measurement completed at study entry was used. We only used these baseline depression scores as there was a large panel conditioning effect evident by a substantial drop in average depression scores between baseline and 4 months. Panel effects were not observed in the ROOTS study, thus the CHAMP baseline measurement was considered most directly comparable to the ROOTS study.

Multiple imputation {#Sec8}
-------------------

The missing data within the ROOTS study underwent a multiple imputation procedure. We found that those who were missing at time 2 had higher MFQ scores at time 1 than those who were included, therefore, we decided to impute all missing data at all three time points. The imputation model contained all of the 33 MFQ items at each timepoint, as well as gender, SES (Acorn group), risk status, and the individual risk criteria. Gender, SES and risk status were also related to attrition across the longitudinal design. However, we restricted the imputation to only individuals with full data on the risk status and the individual risk criteria, as we did not want the model to impute these variables. Twenty imputations were created within the *ice* command in Stata \[[@CR24]\]. Rubin's rules were used when combining the imputed datasets for analysis.

Multilevel models {#Sec9}
-----------------

The trajectories were analysed using multi-level mixed-effects linear regressions using maximum likelihood, which account for non-independence inherent within longitudinal data. The *mim* prefix was used to combine the multiply imputed datasets, which accounted for selective attrition. For the ROOTS data, a random intercept for ID was also included across to analyse the longitudinal data. We first tested for linear and quadratic differences in the trajectories. If these were significant, we further tested for categorical differences, using a categorical fixed effect. Age was entered as a categorical fixed effect for the CHAMP data. Analyses were stratified by gender, as there is generally a higher prevalence of depressive symptoms in female adolescents \[[@CR25], [@CR26]\]. For the CHAMP data, male/female differences within each age cohort were analysed with similar mixed-effects regressions. With the ROOTS data, gender differences were tested longitudinal using a gender by age interaction term.

The graphs were created using fitted values from the mixed-effects regressions. Fitted values (with corresponding standard errors) were used as they provided a single, averaged estimate across the 20 imputed datasets. All analyses were conducted within Stata/IC \[[@CR24]\].

Results {#Sec10}
=======

Risk criteria at entry {#Sec11}
----------------------

The prevalence of risk criteria met in each study is shown in Table [1](#Tab1){ref-type="table"}. There was an elevated prevalence in the CHAMP high risk study on each risk criterion with the exception of marital problems and chronic difficulties, which were elevated in the ROOTS epidemiological study. This pattern was replicated with only high risk individuals, except there were no differences within the familial psychiatric illness and high emotionality risk criteria.Table 1Proportions of individuals exhibiting each risk criterion in the CHAMP and the ROOTS study (table shows the full sample and those considered at high risk)Risk criterionCHAMP study (*n* = 1,300 full sample and *n* = 692 high risk)ROOTS study (*n* = 1,144 full sample and *n* = 409 high risk)Sig.\*PresentAbsentPresentAbsentFamily psychiatric illness Full27.9% (362)72.1% (937)20.3% (227)79.7% (892)\<.001 High risk52.3% (362)47.7% (330)56.8% (227)43.3% (173).16Life events Full25.6% (296)74.4% (859)7.3% (81)92.7% (1,027)\<.001 High risk36.6% (233)63.4% (404)16.0% (63)84.0% (330)\<.001Marital problems Full30.2% (392)69.9% (908)46.8% (532)53.2% (604)\<.001 High risk49.7% (344)50.3% (348)75.8% (304)24.2% (97)\<.001Bereavements Full32.2% (416)67.9% (878)5.3% (57)94.7% (1,023)\<.001 High risk51.2% (352)48.8% (336)10.9% (41)89.2% (337)\<.001Negative emotionality Full21.9% (282)78.1%(1,008)13.1% (146)87.0% (971)\<.001 High risk30.6% (210)69.4% (476)26.7% (106)73.3% (291).17Chronic difficulties Full13.7% (177)86.3%(1,119)22.1% (246)77.9% (868)\<.001 High risk19.4% (134)80.6% (556)46.2% (182)53.8% (212)\<.001Risk status Full53.2% (692)46.8% (608)35.8% (409)64.3% (735)\<.001\* Study main effect from logistic regression tests

Depressive symptoms {#Sec12}
-------------------

There was a higher level of depressive symptoms in the CHAMP compared to the ROOTS study (Table [2](#Tab2){ref-type="table"}).Table 2Means (and SD) of the MFQ total scores for the CHAMP and ROOTS studies for the full sample and the high and low risk samples onlyCHAMP (*n* = 500^a^)ROOTS (*n* = 1,089)Sig.\*MFQ, full sample17.1 (10.6)15.2 (9.9)\<.001MFQ, high risk only17.8 (11.0) (*n* = 394)18.0 (11.1) (*n* = 380).71MFQ, low risk only14.6 (8.7) (*n* = 106)13.7 (8.9) (*n* = 709).24\* Significance of the study main effect while controlling for gender differences^a^N number has decreased as the MFQ was only administered to individuals who consented to take part in the yearlong study

Comparing only those at high risk in both studies revealed no differences in mean depression scores. Similarly, there was no difference between the studies among those classified as not high risk. The study by risk status interaction term was not significant, *p* = .44, indicating that the relationship between high and not high risk was similar in both samples when looking at depressive symptoms.

Each of the individual risk criteria (with differing rates of prevalence across the two studies) may have a different relationship to depressive symptoms in the two studies. To test this, we conducted regressions with risk criterion by study interaction terms, as reported in Table [3](#Tab3){ref-type="table"}.Table 3Means (and SD) of the MFQ total scores for the CHAMP and ROOTS studies by the presence or absence of each individual risk criterion for the full sample and high risk individuals onlyRisk criterionCHAMP (*n* = 500 full sample and *n* = 394 high risk^a^)ROOTS (*n* = 1,089 full sample and *n* = 378 high risk^a^)Sig.\*PresentAbsentPresentAbsentFamily psychiatric illness Full17.0 (10.4)17.1 (10.8)17.5 (10.9)14.5 (9.5).02 High risk17.0 (10.4)18.7 (11.7)17.5 (10.9)17.9 (11.0).52Life events Full20.7 (11.6)15.7 (9.8)21.9 (13.0)14.7 (9.5).32 High risk21.1 (11.8)16.1 (10.1)22.8 (14.0)17.1 (10.3).80Marital problems Full19.0 (11.3)15.8 (10.0)16.7 (10.3)13.9 (9.4).82 High risk19.1 (11.4)16.6 (10.5)18.4 (11.0)16.7 (11.6).49Bereavements Full18.8 (11.8)15.9 (9.6)19.1 (12.7)15.0 (9.8).65 High risk19.2 (11.9)16.4 (9.9)21.6 (12.4)17.7 (11.0).78Negative emotionality Full18.9 (11.9)16.4 (10.0)20.0 (10.7)14.4 (9.5).05 High risk19.1 (12.0)17.2 (10.5)21.7 (10.9)16.2 (10.5).07Chronic difficulties Full15.6 (9.6)17.4 (10.8)17.0 (11.2)14.7 (9.4).01 High risk15.7 (9.7)18.3 (11.2)17.8 (11.3)17.9 (10.8).25\* Significance of interaction term while controlling for gender differences in linear regression^a^Number of individuals within each combination differed slightly depending availability of the risk criterion variable

For all individuals, there were significant interaction terms with the following risk criteria: familial psychiatric illness, negative emotionality and chronic difficulties. For family psychiatric illness, this interaction was due to no difference in depressive symptoms between those with affected relatives and those without in the CHAMP study. Within the ROOTS study, individuals with familial psychiatric illness had increased levels of depressive symptoms. There were increased depressive symptoms in those with high negative emotionality scores for both samples. In CHAMP those not exposed to chronic difficulties had more depressive symptoms, whereas the expected pattern was observed in the ROOTS study.

The results were replicated with only high risk individuals from both studies and no significant interaction terms were found between the individual risk criteria and the study variable. Overall, the relationship between depressive symptoms and the individual risk criteria was not significantly different for high risk participants in the CHAMP and ROOTS studies.

Thus, the studies have a sufficiently similar association between risk criteria and depressive symptoms.

Longitudinal trajectory of depressive symptoms {#Sec13}
----------------------------------------------

Combining the samples allowed us to use both cross sectional and longitudinal data to investigate the trajectory of depressive symptoms. Within the CHAMP high risk study, each age treated as a distinct age cohort. For reference, previous research has found that there is good specificity at a cut-off of 29 on MFQ for differentiating individuals a major depressive disorder \[[@CR27]\].

Figure [1](#Fig1){ref-type="fig"} displays the average total score of depressive symptoms by each age group at baseline for the CHAMP study and the longitudinal trajectory of the ROOTS study. Within the CHAMP study, there were no age differences in depressive symptoms for the female participants, *p*s \> .3. For the male participants, there was a significant decrease of between 2.5 to just over 4.5 points on the MFQ from age 12 to ages 13, 14 and 15, β = −2.53, 95% CI (−4.69, −.37), *p* \< .05; β = −3.11, 95% CI (−5.53, −.68), *p* \< .05; and β = −4.63, 95% CI (−7.84, −1.41), *p* \< .01, respectively. There were no other differences between the age cohorts, *p*s \> .1.Fig. 1Average total score for depressive symptoms at age 12, 13, 14 and 15 CHAMP cohorts (*n* = 868) and the longitudinal trajectories in the ROOTS sample (*n* = 1,181) for female and male participants

We analysed differences between the genders in each age cohort separately. There was no significant difference between the genders at age 12, *p* = .71. At age 13 and 14, females had significantly more depressive symptoms than males, β = 3.22, 95% CI (1.45, 5.00), *p* \< .001 and β = 4.56, 95% CI (2.05, 7.08), *p* \< .001, respectively. However, there was no difference at age 15, *p* = .10, where the sample size was smaller.

Within the ROOTS epidemiological study, there were significant linear and quadratic differences from age 14 to 17, β = 1.85, 95% CI (.55, 3.16), *p* \< .01 and β = −.71, 95% CI (−1.15, −.28), *p* \< .005, respectively. When tested categorically, it was found that depressive symptoms were higher at age 15.5 than at either age 14 or 17, β = 1.18, 95% CI (.14, 2.22), *p* \< .05 and β = 2.02, 95% CI (.86, 3.18), *p* \< .005, respectively. There was no difference between 14 and 17 years, *p* \> .10. The pattern of results differed for male participants, with no significant linear and quadratic trends from age 14 to 17, *p*s \> .5.

Elevated levels of depressive symptoms were found in female compared to male ROOTS participants, β = 4.48, 95% CI (3.42, 5.54), *p* \< .001. This was found to be independent of time point, as the interaction term between age and gender was not significant, *p* = .85.

The results when only looking at the CHAMP male and female high risk individuals were replicated from the full sample analysis and are shown in Fig. [2](#Fig2){ref-type="fig"}.Fig. 2Average MFQ total score for age 12, 13, 14 and 15 CHAMP cohorts (*n* = 678) and the longitudinal trajectories in the ROOTS study (*n* = 399) for high risk female and male participants

Within the ROOTS study, there were no linear or quadratic differences in high risk female depressive symptoms between the ages of 14 and 17, *p*s \> .09, which contrasts with the quadratic differences when considering the full sample shown in Fig. [1](#Fig1){ref-type="fig"}. The results for the male ROOTS high risk individuals were replicated from the full sample as were the gender differences in both studies.

Discussion {#Sec14}
==========

There was overall a striking similarity in the pattern of results when looking at the high risk individuals across the two studies. The main hypothesis was supported in demonstrating no significant differences between studies when looking at risk status and depression scores.

There were differences between studies for participants exposed to familial psychiatric illness. Similar levels of depressive symptoms were present in the CHAMP high risk study for those exposed and not exposed to this risk. This was likely due to higher prevalence of other risk criteria in the CHAMP study when familial psychiatric illness was absent.

The difference within the chronic difficulties risk criterion was unexpected, in that there were *more* problems in those *without* chronic difficulties in CHAMP. The expected pattern of higher depressive symptoms associated with chronic difficulties was found within ROOTS. This may relate to a lower prevalence of chronic difficulties in the CHAMP study, perhaps due to less sensitive measurement. Due to the lower prevalence, this risk criterion was less frequently used to establish high risk status in the CHAMP study, which indicates increased levels of the remaining risk factors.

When looking at just high risk individuals, there were no differences in depressive symptoms for any of the risk criteria across the two studies. Thus, the results provide convincing evidence that the high risk CHAMP participants selected on multiple risk criteria are fundamentally similar to individuals with the same risk profiles found within an epidemiological sample.

The trajectories of depressive symptoms in the two samples when including all individuals showed substantial overlap. The CHAMP study had higher rates of depressive symptoms than the ROOTS epidemiological study, which is consistent with the expected sampling differences between the studies. Depressive symptoms in females generally remained high or increased slightly in early to mid adolescence then decreased in later adolescence. Depressive symptoms in male participants decreased in early adolescence, with a relatively consistent level for the remainder of adolescence. The emergence of a gender difference in depressive symptoms from age 13 onwards is consistent with previous reports \[[@CR25], [@CR26]\], and potentially linked to the onset of menarche in females \[[@CR28]\], probably indicating an earlier rate of maturation overall.

A similar pattern of depressive symptom trajectories was found within only high risk male participants, at only a slightly elevated level of depressive symptoms. However, the pattern for female high risk individuals differed in that there was an elevated rate of depressive symptoms from age 12 onwards, and there was no longer a significant decrease in later adolescence. There was also greater overlap in the trajectories of depressive symptoms in high risk females across CHAMP and ROOTS. To a lesser extent, a similar pattern was seen across the two studies in high risk males. Overall, these results indicate recent stressful life events may not adversely influence male as much as female adolescents \[[@CR26]\].

Limitations {#Sec15}
-----------

Ethical rules for study participation were markedly different between the two studies. CHAMP individuals were selected on an 'opt out' whereas ROOTS operated on an 'opt in' model. There is little doubt that such variation in sample ascertainment alters the likelihood of individual participation between the two studies. This may account for higher rates of familial psychiatric illness, negative emotional temperaments, more bereavements and negative life events in the CHAMP compared to the ROOTS study. When isolating only high risk individuals, there were similar rates of familial psychiatric illness and negative emotionality but the remaining prevalence differences remained elevated within the CHAMP study.

Only two of the risk criteria, life events and negative emotionality, used the same measurement across both studies, but highly similar methods were used for the familial psychiatric illness risk criterion. The ROOTS study collected much more detailed information on marital problems, bereavements and chronic difficulties over the life course of the probands than did the CHAMP study. Therefore, it is not surprising that there were higher rates of marital problems and chronic difficulties within the ROOTS study.

Conclusions {#Sec16}
-----------

Screening individuals based on risk criteria isolate a similar subset of high risk individuals found in epidemiological sampling. Depressive symptoms are maintained at a high level through the earlier period of adolescent development for all female participants then may decrease from mid to late adolescence. Female adolescents at high risk, however, are likely have higher and more stable levels of depressive symptoms from early to late adolescence than females in the population at large. Male participants are likely to have higher levels of depressive symptoms earlier in development which then decrease to a relatively consistent level throughout adolescence. This male pattern was independent of risk status. During adolescence, males may be less sensitive than females when exposed to an equivalent level of recent adverse life experiences.
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